In recent years, the changes in information technology have been so dramatic and the rate of changes has increased so much that information science research rigorously evolves with the passage of time and proliferates in diverging research directions dynamically. The aims of this study are to provide a global overview of research trends in information science and to trace its changes in the main topics over time. The study examined the topics of research articles published in JASIST between 1985 and 2009 and identified its changes during five 5 year periods. The study found that the most productive area has consistently been 'Information Retrieval', followed by 'Informetrics', 'Information Use and Users', 'Network and Technology', and 'Publishing and Services'. Information retrieval is a predominant core area in Information Science covering computer-based handling of multimedia information, employment of new semantic methods from other disciplines, and mass information handling on virtual environments. Currently Informetric studies shift from finding existing phenomena to seeking valuable descriptive results and researchers of information use have concentrated especially on information-seeking aspects, so adding greater sophistication to the relatively simple approach taken in information retrieval.
Introduction
As information technology and services, which have been gradually incorporated into our lives, have been developed fast and changed dynamically, the disciplines in applied science and technology also have been changed constantly: their representative field is "Information Science (IS)". In recent years, the changes in information technology have been so dramatic and the rate of changes has increased so much that information science research rigorously evolves with the passage of time and proliferates in diverging research directions dynamically. It seems to be obvious that the relative emphasis of information science research has changed continuously: some topics are researched more and more intensively; some have been studied constantly, while others have disappeared.
Therefore, some researchers have attempted to draw a definitive perimeter around the field of information science and to identify the development and changes of its research areas. This kind of works helps enhance our understanding of the IS knowledge domain and its focal perspectives (Boyce and Kraft 1985; Buckland and Liu 1995; Rayward 1996; White and McCain 1998; Saracevic 1999; Hawkins 2001; Zin 2007a; Zin 2007b; Zhao and Strotmann 2008) .
The research activities in the IS field and its changes have not been studied as frequently or thoroughly as have its intellectual influences, however. Also, there are a few studies which have identified the changes of research trends for quite a long time period because it might be a gargantuan task to keep abreast of the boundary and changes of information science.
The aims of this study are to provide a global overview of research trends in information science and to trace its changes in the main topics over time.
One way to track the changes that have occurred in a field is to analysis the changing nature of research papers published in its leading journals. This study ' of equal duration: 1985-89, 1990-94, 1995-99, 2000-04, and 2005-09. That is, for identifying the most emphasized topics by information science researchers and the changing nature of the IS domain, the study, first, reviews intensively research which has attempted to define or identify information science domains comprehensively; second, presents the distribution of research articles over the full range of subject areas in Information Science and its changes during the 
Boundaries of Information Science
Information science is a field that emerged in the aftermath of the Second World War, along with a number of new fields such as computer science. From about 1960, the phrase, "Information Science" was adopted, largely replacing the older term "documentation" (Buckland and Liu 1995) . This phrase represents something that is emergent and unstable in its significance because what is meant by "information" varies, so many researchers have examined the boundaries of information science and its commonly accepted disciplinary nature. Early, Klempner (1969) described information science as "investigating the properties and behavior of information, the forces governing information transfer, and the technology necessary to process information for optimum accessibility" and divided the field into three segments:
(1) conceptualization (classification, indexing/ab-stracting, thesaurus/subject heading, document selection), (2) storage and transmission (storage transmission channels, network), and (3) utilization use (relevance assessment, evaluation/appraisal, satisfaction). Later, White and Griffith (1981) However, since 1990s when the information science began flourishing in its own in a large part and its history was also long enough to analyze and reflect, several researchers had attempted to chart the boundaries of information science. Buckland and Liu (1995) who reviewed the historical writings about the development of information science indicated that interest of information science research extends outwards in many directions because of the need to understand contextual, institutional, methodological, and theoretical aspects. Rayward (1996) Similarly, Ding, Chowdhury, and Foo (1999) examined the subspecialties in information retrieval (IR) and its change over the time by using author cocitation analysis. They found that the 39 highly cited authors could be grouped into the 7 subcategories: (1) IR model, (2) IR techniques, (3) user perspectives of IR, (4) user (on-line) information seeking and retrieving behavior, (5) information seeking and retrieving model (user searching strategies), (6) general IR theory, and (7) IR system design and evaluation.
In 1999 when the Journal of the American Society for Information Science (JASIS) was 50 years old, several special papers focused on "the landscape of 'information science". Buckland (1999) as a president of ASIS, 1998, noted that information science included two fundamentally different traditions: a "document" tradition concerned with signifying objects and their use, and a "computational" tradition of applying algorithmic, logical, mathematical, and mechanical techniques for handling, managing, and manipulating documents. Saracevic (1999) suggested that there are major two branches of information science: (1) information retrieval (IR) which has been researched in terms of system-centered approach and human-centered approach, and (2) relevance which has been investigated in terms of system or algorithmic relevance, topical or subject relevance, cognitive relevance or pertinence, situational relevance or utility, and motivational or affective relevance.
He also indicated newly emerging areas such as interaction studies, multimedia and multilanguage information retrieval, digital libraries, and internet searching. Summers and his colleagues (1999) , who presented a future direction of the information science discipline in their paper "Information Science in 2010", divided information science into three major areas: (1) information science core area (the theory and practice of creating acquiring, assessing, validating, organizing, storing, transmitting, retrieving, and disseminating information), (2) information management area (the management of the total information resources of organizations), and (3) information technology area (technology that may be used in information science, information management, computer systems, telecommunications, and information technology applications).
Hawkins (2001) reviewed much of the past work that sought to define "information science" and to map the field in depth in order to develop the fundamental definition of information science and to classify the subject making up it. He listed 12 major IS subject areas such as (1) properties of information, Hjorland (2002) 
Analysis of Information Science Research

Collecting Data
The Authorship in JASIST has grown from 61 to 469.
This parallels the growth in the number of JASIST papers, but the rate of increase in the number of authors is much higher: the linear regression slope of papers is 5.654 whereas that of authors is 14.915 (See Figure 1 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 25-year period, the median ratio of coauthored articles grew by 64% from 0.47 to 0.73 and the linear regression slope was 1.465. This is not surprising:
collaborative authorship is increasing in many other disciplines, especially, in the field of social science and applied science (Chua and Yang 2008).
Building Information Science Taxonomy
The themes of research articles published in JASIST between 1985 and 2009 were examined in order to present the subject distribution of all articles.
Therefore, the study, first of all, developed the IS taxonomy based on the preceding works which researched the boundaries of Information Science and current subject classification schemes of Information Science Abstract (ISA) 1) and Encyclopedia of Library and Information Science (ELIS) 2) . Main subject areas for the taxonomy were collected such as basic concepts of information, foundation of information science, informetrics, information user behavior, information organization, information searching, information retrieval experiments, data and text processing, multimedia and multi-language processing, information system design, use of information systems, information resource management, networks and www, information systems and industries, IT applications and social relations in IT, societal issues, publishing and distribution, information profession, and information services.
After observing and checking the postings of each category, the study selected distinct subject categories which reflect all the IS fields as they exist today and then organized them. The Information Science taxonomy developed for this study has 12 main subject categories and 50 subcategories (See Table 3 ). 1) The current IS taxonomy of ISA contains 11 main categories with 61 sub-categories such as 1) IS research, 2) Knowledge organization, 3) Information profession, 4) Societal issues, 5) Information industry, 6) Publishing and distribution, 7) Information technology, 8) Electronic information system and services, 9) Subject, 10) Libraries and library services, and 11) Government and legal information issues. 2) In ELIS, Information Science is divided by 6 categories such as 1) Information Architecture, 2) Information Behavior, 3) Information Management, 4) Information Retrieval Experimentation, 5) Informetrics, and 6) User-centered Design of Information Systems. It also classifies Research Specialties into 9 categories such as 1) Bibliometrics, 2) Information behavior and searching, 3) Information organization and description, 4) Information retrieval, 5) Information system and design, 6) Legal and ethical issues, 7) Social life of the cultural records, 8) Social relations in information technology, 9) Social studies of information. 
Tracing IS Research
The main purpose of this study is to analyze themes of each research article, rather than authors or cita- In summary, over the 25 years covered in this study, emphasis was placed on aspects such as information retrieval and processing connected with user seeking behaviors and perception. Other subjects, such as informetrics,, stand out in the present study. It is hardly surprising that these three categories have been highly productive and the essence of the IS field as earlier research has mentioned (Hawkins et al. 2003; Meadows 2008; Zhao and Strotmann 2008) .
For tracing overall research trends, the study conducted a diachronic analysis based on five 'publication windows '; 1985-89, 1990-94, 1995-99, 2000-04, and 2005-09 . The aim has been to present a series of such pictures so that they may be compared and trends (5) 279 (12) 244 (11) 121 (5) 125(5) 174 (8) 580 (25) 152 (7) 214 (9) 23 (1) 70 (3) 212 (9) <Figure 3> Subject Distribution by Main Categories very similar over time. From the <Figure 4>, it can be observed that "Information Retrieval" continues to play a prominent role during the five periods, most notably in the 4 th period where the research of IR reaches its peak (32%). In contrast, the little research on "Societal Issues" and "Information Resource Management" has been consistently marked as 11 th and 12 th . However, the second productive research area is somewhat different over the time: "Publishing and Services" for the 1 st and 3 rd periods, "Informetric" for the 2 nd and 5 th periods, and "Information Use and Users" for the 4 th period. The third productive areas are "Network and Technology" for the 1 st and 3 rd period, "Publishing and Services" for the 2 nd period, and "informetrics" and "Information Use" for the 4 th and 5 th period respectively(See Table 5 ).
Between 1985 and 1989, the most productive area was "Information Retrieval" (42 of 212 articles), fol- This indicates that 'Information Use and Users' has recently been researched more by information scientists but "Publishing and Services" has not. However, they have continuously and increasingly researched "Information Retrieval' and "Informetrics".
Research Trends of Major IS Topics
Information science has matured to the stage where even the study of its history has become a legitimate topic for research (Black et al. 2007) . It was in the 
Information Retrieval
Information retrieval (IR) might be, in the academ-ic field of study, defined as finding material of an unstructured nature that satisfies an information need from within large collections (Manning et al. 2008) .
As defined in this way, IR is only concerned with an activity of searching. However, as the world has changed, IR is fast becoming the dominant form of information access, overtaking traditional database style searching, dealing with other kinds of data just beyond documents or texts, and supporting users in browsing and filtering document collections or further processing a set of retrieved documents. Thus, the meaning of the term "information retrieval" has become very broad and the IR research has subsequently developed in diverging directions.
In general, the most productive area in IR is 'automatic document processing' (25%), whereas the least productive area is 'AI application' (5%) as research which got shown on the face in the 4 th period had been increased sharply in the 5 th period.
Since the term "information retrieval" was coined by Calvin Mooers in 1950 (Mooers 1950 , the early IR research was concerned with methods of retrieving information, automatic document analysis, query processing, and measure of retrieval performance.
Retrieving methods (information retrieval models) have been discussed by specialists in the field since the idea of using Boolean operators for searching was implemented in practice. Specifically, a series of early IR experiments were conducted rigorously on the SMART systems by Gerard Salton and colleagues (Salton 1991 (Kent et al. 1955 ). These notions have been emphasized as important parameters in such evaluation or numerical comparison of the different systems, but in recent years, other measures such as MAP (mean average precision), precision at k, and R-precision have become more common.
Assessing relevance is always a hot topic in IR evaluation, but its methods and interpretations have been a continual matter of dispute. There is a lot of research which has examined the concept of relevance, stability and sensitivity of relevance judgments, relevance measures, and more.
On the other hand, language identification for document processing was perhaps first explored in cryptography; for example, Konheim (1981) presents a character-level k-gram language identification algorithm.
With the advent of widespread digital text, many Also for handling retrieval problems, some studies employed techniques from the developing world of artificial intelligence.
As the mass of information on the web has been published or produced, web search has become a standard and often preferred source of information finding.
In to those used in information seeking. This subfield has been subject to similar levels of growth to that experienced by information seeking research, and with the increasing digitization of the outputs of research and scholarship, its significance is likely to grow (Meadows 2008 that interest in 'IR models', 'performance', and 'searching and query processing' has decreased, compared to other subfields. However, it is clear that the growing emphasis on all kinds of information retrieval means that the whole field has now become a mainline research topic.
Informetrics
Informetrics which was coined by Nacke in 1979 is the study of quantitative aspects of information (Thelwall 2009 ). This includes the production, dis- Webometrics is concerned with measuring aspects of the web: web sites, web pages, words in web pages, hyperlinks, web search engine results and its research includes link analysis, web citation analysis, search engine evaluation, and online impact and ranking. Webometrics was given its accepted definition as "the study of web-based phenomena using quantitative techniques and drawing upon informetric method" (Bjorneborn and Ingwersen 2004) . Recently as the growth in volume of web content created by ordinary users has been noticeable, there have been many analytic studies of web 2.0 site using by informetric and data mining methods in order to find some patterns, predict reactions, draw network, and/or explain user behavior. Today, informetrics has expended and become more useful and its research also has increased.
In general, two types of informetrics application have arisen: evaluative and relational (Borgman and Furner 2002) . Evaluative informetrics seeks to assess the impact of scholars to compare the relative scientific contributions of two or more individuals or groups. These evaluations are sometimes used to inform research policy and to help direct research funding (Moed 2005 In summary, the current wide range of relational informetric studies opens up new ways of understanding the scholarly communication process and the structure of science through citation relationships between journals, between scholars and between papers. Moreover, citation analysis in conjunction with visualization also helps to understand the structure of developing important research areas. Webometrics has expanded from its initial focus on bibliometrics-style investigations to more descriptive and social science-oriented research. It seems likely that informetric techniques will continue to evolve in response to new developments in information environments, seeking to provide valuable descriptive results.
Information Use and Users
Every development in the IS field has been concerned with making it easier for the user to access documents or information. In the early years, the principal research methods employed for information use studies were questionnaire-based surveys and interviews and overall, there was little or no attention to theoretical conceptualization. In fact, specific theories in relation to the information user did not appear until the 1980's. Not only has a definition of "information" proved difficult to establish, describing exactly how it influences human behavior has also been controversial (Case 2008) .
As shown in <Table 6>, during the 1 st period, the portion of studies on 'information needs' is relatively high (42%), and after then the portion has been declined to 19%. By the late 1970's, some researchers had tried to identify the meaning of "information need", which is a fundamental concept, building on a primitive notion of "information". It seems that there are four dominating models which explain the conception of how information needs arise, ranging from Taylor's (1968) "vague of sort of dissatisfaction", Belkin's (1978) "state of knowledge", and Kuhlthau's (1988) "the idea of uncertainty" to Dervin's (1992) "sense-making". After that, there was a proliferation of papers on various aspects of these theories and models. Research on the topic of information needs have investigated the nature of information needs which constantly changes with new and relevant sensory input, unlike a basic human need for food, shelter, or security. In the 1990's, the interest in information needs declined somewhat.
Researchers paid attention to looking at the methods whereby users actually seek information as well as looking at its usage.
By contrast, research on 'information seeking behaviors' has increased sharply up to 43% since 1995 (See Table 6 ). The second major category of information use research was information seeking which can be defined as "the purposive acquisition of information from selected information carriers" (Johnson 1996) . Information seeking is a taken-for-granted concept that encompasses a variety of behaviors seemingly motivated by the recognition of "missing" information (Case 2008 On the other hand, another category of information use research is 'user studies'. <Table 6> shows that the peak period of 'user studies' is the 2 nd and then the amount of user studies has been decreased a little.
The large amount of user studies had been mainly carried out in library contexts in the early period.
Most fields, including science, technology and medicine and most information systems have been the subject of some investigation for user studies. The majority of user studies employed survey-based quantitative approaches; now, emphasis on a qualitative approach is growing. However, most user studies have been on a smaller scale and, though the results may be of potentially wider application, they have sometimes been limited by the relatively small number of respondents involved. In more recent years, these studies have particularly concentrated on the use of electronic resources or digital environments. One great advantage of these is that the characteristics of the usage can be derived from statistics provided by the system itself. Consequently, the activities and habits of large numbers of users can be examined simultaneously and conveniently (Nicholas et al. 2005) .
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Research interests in recent decades has concentrated especially on information-seeking aspects, so adding greater sophistication to the relatively simple approach taken in information retrieval (Meadows 2008 that are closely related to information seeking: decision making, relevance, salience, selective exposure, browsing, serendipity, knowledge gaps, information poverty, information overload, information anxiety, and entertainment. Nowadays, they have concentrated especially on information-seeking aspects, so adding greater sophistication to the relatively simple approach taken in information retrieval.
As expected, this study found that information science research has constantly changed. The ongoing effort of this study is to elucidate the progress and direction of changes and new academic phenomena in IS. These findings should be viewed as indicative rather than authoritative because the scope of the data collected was confined to JASIST.
